Involvement of GABA and glycine in recurrent inhibition of spinal motoneurons.
1. Recurrent inhibitory postsynaptic potentials (IPSPs) were recorded intracellularly from chloride-loaded motoneurons in the isolated lumbar spinal cord of neonatal rats (day 5-day 12). This in vitro preparation exhibited an intact and functional recurrent inhibitory pathway that displayed characteristics previously described for this pathway in other species. 2. Although strychnine (1-5 microM) depressed the chloride-dependent recurrent synaptic potentials evoked by ventral root stimulation by 48.2 +/- 2.7% (mean +/- SE, n = 13), confirming that part of the recurrent IPSP is mediated by a glycinergic mechanism, in every case a residual strychnine-resistant synaptic potential was observed. 3. The gamma-aminobutyric acid (GABA) antagonist bicuculline, in low concentrations (2-10 microM), depressed the recurrent synaptic potentials in a dose-dependent manner by 27.0 +/- 4.3% (range 0-49%, n = 19). Application of bicuculline almost eliminated the strychnine-resistant component of the IPSP. However, in some motoneurons, a small synaptic potential remained after combined application of strychnine and bicuculline. 4. The selective antagonists of GABA uptake, (+/-)-nipecotic acid (1 mM) and guvacine (1 mM), increased the amplitude of recurrent synaptic potentials in 12 of 16 motoneurons by 37.2 +/- 7.2% (range 12.6-84.2%). 5. The excitatory amino acid antagonists kynurenic acid (1 mM), 6-cyano-7-nitroquinoxaline-2,3-dione [CNQX (10 microM)] and 6,7-dinitroquinoxaline-2,3-dione (10 microM) potentiated recurrent synaptic potentials in 5 of 7 motoneurons. However, CNQX (10-15 microM) in the presence of strychnine and bicuculline virtually abolished the synaptic potential remaining after application of the inhibitory amino acid antagonists. It is concluded that ventral root stimulation evokes a small excitatory amino acid-mediated synaptic potential in neonatal rat motoneurons. 6. An antidromic synaptic potential due to electrotonic coupling between motoneurons was unaffected by changes in membrane potential, chloride loading, or antagonists of glycine, GABA, excitatory amino acid, and acetylcholine receptors. 7. The results suggest that a major portion of the strychnine-resistant component of the IPSP is mediated by a GABAergic mechanism. It is concluded that both glycinergic and GABAergic mechanisms play a role in recurrent inhibition of motoneurons in the mammalian spinal cord. It is unknown whether these inhibitory amino acids are released by a single pool of Renshaw cells or by neurochemically distinct populations.